Introduction: Obstructive Sleep Apnea (OSA) is associated with cardiovascular morbidity
INTRODUCTION
Obstructive sleep apnea syndrome (OSA) has been associated with cardiovascular morbidity and, in particular, hypertension. 1, 2 The repetitive occurrence of apneas and hypopneas with the associated intermittent hypoxia sequence causes acute surges in blood pressure, sleep fragmentation, and chronic sympathetic activation that ultimately lead to sustained hypertension. 3 A large body of evidence from animal models, intermittent hypoxia exposure of healthy humans 4 and epidemiological studies support an independent role of OSA in the pathogenesis of daytime hypertension. 2, 5, 6 However, it has been shown that continuous positive airway pressure (CPAP), the first line therapy of OSA has a limited effect on blood pressure control 7, 8 and the size of the effect is highly related to the duration of nightly CPAP usage. 9, 10 This suggests that in these frequently obese and comorbid OSA patients, the severity of abnormalities during sleep is only one of the numerous factors explaining elevated daytime blood pressure.
Lack of physical activity (PA) is an established modifiable risk factor for cardiovascular disease and premature mortality. 11, 12 Most studies examining PA and cardiovascular risk are based on subjective questionnaires and the majority of surveys have reported higher rates of elevated blood pressure in inactive vs. active individuals. 13, 14 Recent evidence recognises that time spent in self-reported sedentary behaviors is a unique and independent risk factor for cardiovascular disease. 15 Previous studies have also reported an association between sedentary behaviors and increased risk of hypertension. 16, 17 OSA severity has been associated with self-reported lack of exercise and potentially impairs exercise performance. 18 Sleep duration is another modifiable risk factor that may impact blood pressure (BP), PA and sedentary behaviors. Short-term sleep deprivation studies suggest that acute sleep deprivation increases BP. 19, 20 Furthermore, a relationship between habitual sleep duration and BP 21 and an inverse relation between sleep duration and body mass index (BMI) 22, 23 have been demonstrated. Hypertension in short sleepers may then also be favoured by the development of overweight. 24, 25 A recent study has shown that short-term sleep loss reduces daytime overall spontaneous physical activity and shifts the intensity of physical activity toward lower levels under free-living conditions. 26 Accordingly, alterations in sleep quantity and quality during OSA and the associated daytime sleepiness and fatigue may be reasons for reduced physical activity and increased sedentary behaviours. 27 However, there is limited data regarding objective measures of different intensities of physical activity and sedentary behaviors and their relation to cardiovascular risk factors and blood pressure in OSA patients.
We hypothesized that daytime sleepiness, fatigue and obesity frequently exhibited by OSA patients would lead to lower levels of physical activity and increased sedentary behavior which, in turn, can negatively impact BP. The aim of the present study was to assess the predictors of elevated BP in OSA patients with high cardiovascular risk. Accordingly, we examined the relationship between BP and anthropometrics, severity of sleep apnea and objectively measured physical activity and sedentary behaviors.
METHODS

Study design and participants
Ninety five adults with OSA were prospectively included. 
Dyspnea and fatigue questionnaires
Levels of fatigue over the past 6 months were measured using the 11-item Chalder Fatigue Scale 29 , which consists of four items for mental fatigue and seven items for physical fatigue.
Dyspnea was evaluated with the Sadoul questionnaire. 
Cardiovascular score
Ten-year risk of fatal cardiovascular event (SCORE calculation for European countries:
Systematic Coronary Risk Evaluation Project) was calculated. 28 For data analysis, cardiovascular SCORE was automatically set at 15% if participants were in secondary prevention (i.e. suffered a cardiovascular event in the past).
Blood pressure and heart rate measurements
Clinic BP was measured in the lying position by mercury sphygmomanometer on two occasions (two consecutive days), with three measurements spaced by one minute on each occasion, according to European guidelines on hypertension. 31 Clinic heart rate was measured by pulse palpation (30 seconds) after the third measurement in the lying position. The following clinic parameters were assessed: systolic BP (SBP), diastolic BP (DBP) and HR.
Office hypertension was defined as a mean (average of the three measurements at each of the two office sessions) office SBP > 140 mmHg and/or a mean office DBP > 90 mmHg. 31 Self-measured home BP monitoring was performed on three consecutive days using validated fully automated electronic device Omron 705CP® (Omron Corp., Tokyo, Japan). Participants were trained to use this device and they were instructed to take three measures in the morning (between awakening and breakfast) and three measures in the evening (between dinner and bedtime) after 5 minutes sitting at rest and with one-minute intervals between measurements.
A form was supplied to the participants to report all self-measured BP values. For each subject, mean of morning and evening measures was made. The circumference at the midpoint of the upper arm was measured and a normal cuff was used for circumferences below 32 cm; otherwise a large cuff was used. 
Accelerometer data collection and analysis
Daily physical activity was assessed using an activity monitor (Sensewear Pro2 armband, SWA; Body Media, Pittsburgh, PA, USA). 34 The Sensewear Pro2 armband contains accelerometers that sense movement in two planes, a galvanic skin sensor, a temperature sensor, and a near-patient temperature sensor. Subjects wore the activity monitor for the same period as blood pressure monitoring (i.e. 72 hours) allowing an estimate of mean daily physical activity by averaging data over 1 weekday and the weekend.
The intensity of activity for each minute of wear time was calculated and expressed using metabolic equivalents (METs) to determine daily time spent in sedentary, light, or moderate-to-vigorous activity. Sedentary behavior was defined as activities resulting in energy expenditure <1.5 METs, which is equivalent to sitting. 35 Light-intensity PA was defined as 1.5-3 METs, moderate PA as 3-6 METs, vigorous PA as 6-9 METs and very vigorous > 9
METs. This device also allows estimating sleep duration.
Statistical analysis
Continuous data were presented as mean ± standard deviation (SD) and categorical data as percentages (%). Variables with over 15% of missing values weren't included in the analysis.
Colinearity was assessed with Pearson's or Spearman's coefficient (depending on validation of normality distribution) or Cramer's V2. Normality of the data was verified using Skewness and Kurtosis' tests.
Relationship between self-measured blood pressure and physical activity was analyzed with logistics regressions. A SBP ≥ 135 mmHg or a DBP ≥ 85 mmHg, for non diabetic subjects, and a SBP ≥ 125 mmHg or a DBP ≥ 80 mmHg for diabetic subjects were considered as high levels of blood pressure.
32, 33
Two sex-, age-, BMI-adjusted linear regression models, stratified by recruiting centers were built; one for self-measured morning blood pressure and the other, for self-measured evening blood pressure. In the univariate logistic regression, when a continuous variable was not loglinear, it was recoded by creating a new variable from the quartiles or the median depending on the quality of information. Independent parameters were included in the multivariate model when significance was ≤ 0.1 in the univariate model. Missing values were replaced by the median for continuous data and by the most frequent value for categorical data. A backward selection was employed for multivariate model.
Results were considered statistically significant when p-value was <0.05. Statistical analysis was performed with SAS 9.1.3 package (SAS Institute, Cary, NC, USA).
RESULTS
Study participants characteristics
Subjects' characteristics are presented in Table 1 . Subjects' mean age was 63.3 ± 8.8
years, they were predominantly male (83.2%) and overweight or obese (BMI of 29.9 ± 4.9 kg/m 2 ). By definition, subjects had high 10-year cardiovascular risk scores (13.5 ± 3.7%).
They exhibited moderate to severe apnea+hypopnea index (41.3 ± 17.5/hour) with a significant amount of nocturnal hypoxia (CT90: 14.64 ± 19.73%). Sleepiness as measured by the Epworth Sleepiness Scale was at the upper limit of the normal range (8.0 ± 4.4). Sleep duration estimated at home on three different nights by accelerometer was 353.7 ± 85.1 minutes (5.9 ± 1.4 hours) ( Table 2) .
Physical activity and sedentary behaviors
Average number of steps per day (SPD) was 7393 ± 3545 and mean daily energy expenditure was 2622.6 ± 515.9 kcal (Table 2) . Average daily METs levels were 1.32 ± 0.28, which is significantly lower than 1.5 (i.e., the cut-off point below which sedentary behavior is defined). 35 Time spent in sedentary behaviors, light physical activity and moderate-tovigorous physical activity were 736.3 ± 138.6, 224.1 ± 90.9 and 98.0 ± 91.7 minutes, respectively (12.7 ± 2.3; 3.7 ± 1.51 and 1.6 ± 1.5 hours, respectively) ( Table 2 ).
Association between obesity and sleep apnea severity and physical activity and sedentary behaviors
Body mass index was inversely correlated with SPD (r=-0.2781; p=0.0073) ( Figure 1 Epub ahead of print papers have been peer-reviewed and accepted for publication but are posted before being copy edited and proofread, and as a result, may differ substantially when published in final version in the online and print editions of RESPIRATORY CARE.
Association of physical activity and sedentary behaviors with BP
Total energy expenditure was inversely correlated with office diastolic BP (r=-0.2185; p=0.0374). SPD were inversely correlated with evening self-measured systolic BP (r=-0.2690; p=0.0095, figure 3A) but not morning self-measured blood pressure. Time spent in sedentary behaviors (0-1.5 METs) was positively associated with self-measured morning and evening SBP ( figure 3B ) and DBP (r=0.315, p=0.0021; r=0.2807, p=0.0064 and r=0.293, p=0.0043; r=0.268, p=0.0093, respectively).
Determinants of blood pressure
Morning BP
Univariate analysis, adjusted for age, sex and BMI and stratified for recruiting center, identified cardiovascular SCORE and cumulative time spent with SaO 2 below 90% as significant determinants for morning self-measured BP (Table S1 ). In multivariate analysis, secondary prevention was associated with morning self-measured BP in the normal range (OR, 0.222; 95% CI, 0.053-0.925; p=0.039) whereas alcohol consumption was associated with higher values of self-measured BP (OR, 10.427; 95% CI, 2.362 -46.041; p=0.0020).
Evening BP
In univariate analysis, cardiovascular risk SCORE, cumulative time spent with SaO 2 below 90%, number of steps per day and time spent in very vigorous physical activity (> 9
METs) were linked with evening self-measured BP in the normal range (Table S1) 
DISCUSSION
In adults with OSA presenting high cardiovascular risk, physical activity is reduced and far from consensus recommendations for optimal health. The level of physical activity is significantly related to the degree of obesity but not linked with the severity of sleep apnea or sleepiness. The main finding of our study was that steps per day and sedentary behaviors are the most important predictors of evening self-measured BP. Thus, in individuals with OSA, daily physical activity impacts BP levels but with a different magnitude in the morning and evening. Self-measured BP measures were performed, as this type of measure seems to have a stronger predictive power for future cardiovascular events. 36 Both morning and evening home BP have been shown to be positively associated with the incidence of stroke 36, 37 , indicating that evening BP has clinical relevance. Thus in the present study, we created two univariate models: for morning and evening BP.
Our study is the first having examined the relationship between objective measures of physical activity and sedentary behaviors and home self-measured BP in high cardiovascular risk OSA subjects. Only two previous studies in the field have reported interesting but more limited data on higher energy expenditure during sleep 38 or mean activity in arbitrary units. 39 Interestingly physical activity was not increased by CPAP treatment suggesting that OSA per se is not the main contributor to reduced BP. 39 In our study, we measured physical activity patterns with an accelerometer validated in healthy subjects 40 and in diabetics 34 . This device, which has also been recently validated in OSA during sleep 38 , is considered one of the most reliable means of estimating physical activity and its patterns in free living conditions. 41, 42 In a recent study comparing the validity of six activity monitors, the SenseWear Armband (a biaxial monitor) was one of the two most valid monitors during standardized physical activities. 43 A major strength of our study was to provide objective measures of sedentary behaviors concurrently to home self-measurement of BP. The recommended duration for such a BP assessment is 72 hours 44 and we decided to correlate physical activity and BP
Epub ahead of print papers have been peer-reviewed and accepted for publication but are posted before being copy edited and proofread, and as a result, may differ substantially when published in final version in the online and print editions of RESPIRATORY CARE. measurement in this time window. We do however acknowledge that averaging measures from a 7-day period would have been ideal. Another strength and originality is that BP was assessed by home self-measurement of BP which is now accepted as a better predictor of target organ damages and even incident cardiovascular events compared to office measurements of BP. 45 Study participants were representative of a typical middle-aged, male OSA population with co-morbidities. 5, 46 Sleepiness for the whole group was at the upper limit of the normal range. OSA patients also suffering from associated cardiovascular diseases 47 or diabetes 48 tend to not complain from sleepiness but rather of fatigue or dyspnea. Only 25% of the included subjects reached recommended levels of physical activity, (i.e. 10,000 steps per day). There was an inverse correlation between the number of steps per day and BMI consistent with the well documented inverse relationship between physical activity and weight gain. 49 A previous study that assessed physical activity by questionnaires found that physical activity was a stronger predictor of perceptions of fatigue and energy than OSA severity 50 . These results contrast with our study, in which subjective sleepiness was not associated with spontaneous physical activity. As questionnaires are known to be subject to widely varying bias 51 , our study has the advantage of providing objectively-measured spontaneous physical activity in individuals with OSA. Epub ahead of print papers have been peer-reviewed and accepted for publication but are posted before being copy edited and proofread, and as a result, may differ substantially when published in final version in the online and print editions of RESPIRATORY CARE.
Practical implications in the management of OSA patients
In our final multivariate model, only steps per day were identified as a determinant for lower evening self-measured BP. Steps per day can be measured simply with a pedometer, which is far less expensive than the accelerometer we used in the present study. Emergent body of evidence suggests that pedometer-determined physical activity is related to a number of cardiovascular health outcomes. 58 Pedometers may prove a more financially viable option to increase physical activity levels and concomitantly reduce sedentary behaviour. Simpler recommendations such as increasing SPD, ideally to 10,000/day, can be easily integrated in daily life activities (transport, domestic tasks) and should be implemented as a combined therapy with CPAP treatment. Moreover, as the effects of CPAP on cardiometabolic markers are controversial [59] [60] [61] , any increase in physical activity will positively impact on lipid and glucose metabolism abnormalities.
Thus, for individuals with OSA presenting high cardiovascular risk, a combined approach integrating CPAP and lifestyle interventions including physical activity programs would improve BP control and in turn potentially reduce mortality. Regular physical activity can also enhance the effects of CPAP therapy, as it has been associated with reduced incidence and severity of sleep-disordered breathing in longitudinal and cross-sectional studies. Table 1 . Anthropometric, clinical and polysomnographic characteristics. 
TABLES
